Journal of Advanced Nursing R e v i e w C o p y ABSTRACT Aim. To develop and psychometrically test the Paediatric Intensive Care Unit -Nursing Knowledge and Skills Test -a multiple choice test for measuring the key nursing knowledge and skills required for safe, competent practice.
• New nursing graduates in critical care environments require specialised orientation programs to facilitate the development of safe and competent practitioners.
• In paediatric intensive care graduate programs, recruitment and retention outcomes have been successfully reported, however professional outcomes such as knowledge and skill acquisition warrant further attention.
• While performance assessments are useful in the evaluation of graduate nurse competence, multiple choice examinations and their contribution to overall competency assessment have received little attention.
What are the key findings?
• This is the first published paediatric intensive care nursing specific tool to be rigorously developed and psychometrically evaluated.
• The initial development and testing of the Paediatric Intensive Care Unit-Nursing Knowledge and Skills Test suggests a reliable and valid measure of paediatric intensive care nursing knowledge and skills required for safe, competent practice following a graduate nurse program.
• Levels of paediatric intensive care experience and education are independently associated with higher test scores. Historically, nurses entered intensive care after a period of time spent refining basic skills in ward areas. With the current shortage of nurses, particularly in critical care areas, recruitment of experienced nurses into critical care through these traditional channels has been problematic (Shelton 2003) . The impact of this shortage has serious implications for critical care nursing because the sickest patients require the highest nurse-to-patient ratio and are likely to need the attention of the most highly trained nurses. To address this shortage, critical care areas are employing graduate nurses directly from their undergraduate nursing programs. This raises some challenges for nurse educators as both graduates and the specialty area of intensive care require unique approaches to their orientation programs.
Ultimately, the overall goal of the orientation program is to prepare and retain safe competent practitioners, encourage critical thinking, foster integration into the system and profession, and promote the skills of lifelong learning (Boyle 1998 , Dunn 1992 , Thomason 2006 ). Outcomes of intensive care unit (ICU) orientation programs have been predominantly measured in the literature through recruitment, retention and core nursing competencies. There is clear evidence that many ICUs have developed comprehensive orientation programs to successfully attract and retain nursing staff. To ensure the provision of safe, quality care in our ICUs, the profession must also ensure that the novice nurses recruited via orientation programs are provided with adequate specialty preparation for practice. ICU orientation programs are resource intensive and costly, therefore it is important that professional development and quality of care outcomes are also rigorously evaluated.
R e v i e w C o p y
Background Evaluation is vital to good practice in delivering a cycle of continuously improving education in nursing (Lambert 2012 , O'Shea 2002 . As with any educational program, systematic program evaluation is also required for orientation programs to measure educational effectiveness and assure public accountability (Pross 2010) . The greatest effect of orientation program evaluations lies in the ability to demonstrate the transference of learning to the bedside.
Professional development outcome measures reported in the literature include: selfreporting of knowledge and confidence (Cavanaugh and Huse 2004) , critical thinking (Kaddoura 2010 , Square 2010 , pre and post-testing of knowledge and clinical assessment tasks (Chestnutt and Everhart 2007 , Duvall 2009 , Hall and Marshall 2006 , Morris et al. 2009 , Peterson and Van Buren 2006 , Square 2010 , Wynd 2002 and competency based assessments (Rashotte and Thomas 2002) . Many authors report improved professional development in the areas of critical thinking, confidence, knowledge and skills (Cavanaugh and Huse 2004 , Square 2010 , Stefanski and Rossler 2009 , however most authors fail to describe the measurement instruments used in reaching these results.
As teaching, learning and evaluating are intimately related, any evaluation must be closely aligned with the curriculum and provide adequate, timely and meaningful feedback to nurses wherever possible. Just as nursing graduates are provided with many different types of learning experiences from classroom to clinical setting, multiple methods must also be utilised to evaluate their learning across all aspects of intensive care nursing (Mahara 1998 , Redfern et al. 2002 , R e v i e w C o p y Murrells et al. 2009 ). Combining multiple methods of evaluation adds breadth and depth to determining safe, competent practice (Mahara 1998) .
Several generic tools have been developed which measure perceived competence and evaluate broad domains such as assessment, planning and evaluation. Despite the reflective benefits of completing self-assessments (Cowin et al. 2008 , Meretoja et al. 2004 , these generic tools can fail to capture the context specific knowledge and skills that characterise clinical practice in speciality areas (McGrath et al. 2006 Van Buren 2006) . Furthermore, the costs involved in implementing and maintaining the ECCO program often make it uneconomical for small or independent organisations (Duvall 2009 ). The Basic Knowledge Assessment Tool for Pediatric Intensive Care Nurses (PEDS-BKAT) is the only existing independent assessment instrument for the paediatric intensive care unit (PICU) population (Runton and Toth 1998) . However, since the PEDS-BKAT4's development in 1998, there has been limited reported reliability or validity testing. Long, Young, Rickard, and Mitchell (2012) tested the PEDS-BKAT4 and found that the instrument was not a reliable and valid measure of basic PICU nursing knowledge in the Australian and New Zealand context. The authors suggested that some of the questionable reliability and validity reflected variations in practice between countries and therefore further research into the knowledge and skills of paediatric intensive care nurses in Australia and New Zealand would be extremely useful ).
THE STUDY Aim
The aim of this study was to test the psychometric properties of the Paediatric Intensive Care Unit -Nursing Knowledge and Skills Test (PICU-NKST) in a national sample of Australian and New Zealand PICU nurses.
Methodology
A prospective methodological study was conducted to evaluate the psychometric properties of the 109 item PICU-NKST, and included internal consistency reliability, item analysis and construct validity. Society 2010). Participants were eligible if they were permanently employed as a registered nurse in a clinical, education or management role within the PICU. PICU nurses who met the inclusion criteria were approached by a nurse researcher or nurse educator in each participating unit. After informed consent was obtained, participants completed the test under 'exam conditions' in their PICU using a pencil and the mark sense sheet provided, and an information sheet describing their demographic characteristics. The completed test and information sheet were placed in a sealed envelope by the participant and given to the test invigilator (nurse researcher or nurse educator). Data was collected over an 18 month period between 2008 and 2010. Downing and Haladyna's (1997) model for item validity evidence guided the methodology of the PICU-NKST development, whereby an initial practice analysis was conducted to establish content validity (Long et al. 2013 ). Using information provided from the practice analysis, a content by process test plan was developed which outlined the patient care problems and the activities undertaken by PICU nurses. Using a weighting analysis (Raymond and Neustel 2006) Haladyna, et al.'s (2002) principles for effective item writing. Consensus following distribution of the draft of 109 items to the panel of four independent experts indicated minor item writing flaws which required further revision. Due to word limitations, further information of the PICU-NKST's item development is detailed in Long (2012) .
Instrument

Data Analysis
Data were analysed using the statistical program SPSS version 17 (SPSS Incorporated, Chicago, IL, USA). Both descriptive and inferential analyses were used in the psychometric evaluation of the PICU-NKST. Continuous data were calculated as means and standard deviations, categorical data as counts and percentages.
Statistical significance was set at p < .05.
Internal consistency reliability was assessed using the Kuder Richardson 20 estimate. A KR-20 of .7 to .79 was considered the acceptable range for initial lowstakes test development (Axelson and Kreiter 2009) . Item responses were recoded dichotomously for analysis (0 = incorrect, 1 = correct). Quality of the test was further examined using standard error of measurement and 90% score band (confidence intervals) calculations: s√1-r (where s = standard deviation, r = reliability); and 1.65 x SEM, respectively.
To assess the performance of individual items in the PICU-NKST an item analysis was undertaken, including item difficulty, item discrimination and distractor analysis.
The following formula was used to calculate the item difficulty: D = c/n (where D is item difficulty, c is the number of correct responses, and n is the number of respondents) (Downing 2009 ). The higher the item difficulty, the easier the question is. Item difficulty indices were also recoded in the following categories: easy (>.8); moderate (.4 to .8); and difficult (<.4) (Tarrant and Ware 2010, Osterlind 1998) . Item discrimination was calculated with the following formula: ID = (a-b)/n (where ID is item discrimination, a is the response frequency of the upper quartile (75 th percentile and above), b is the response frequency of the lower quartile (25 th percentile and below), and n is the number of respondents in the upper quartile (75 th percentile and above)) (Downing 2009 ). A negative value means that participants receiving a low score in the test tended to select the correct option more than a higher-scoring participant. Conversely, a positive value for this index means that higher-scoring respondents were more likely to select the response more often (Downing 2009 ). Item discrimination indices were recoded into the following categories: poor (<.10); low (.10 to .19); acceptable (.20 to .29); good (.30 to .39); and excellent (0.40) (Tarrant and Ware 2010, Ebel and Frisbie 1986 ). An ideal test item is one in which each incorrect option (distractor) is chosen by some examinee's who do not know the content being tested. Distractor performance was evaluated using two criteria to define non-functioning distractors: those chosen by fewer than 5% of participants and those with a positive discrimination index (Tarrant and Ware 2010, Haladyna and Downing 1988) .
To evaluate the construct validity of the PICU-NKST, the "known groups" technique was used to test the relationship between test scores and two pertinent nurse characteristics: level of education and years of PICU experience. For the level of education known groups' analysis, the sample was divided into five participant 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 R e v i e w C o p y groups: diploma in nursing, bachelor of nursing, postgraduate certificate, postgraduate diploma, and master's degree. In the experience known groups' analysis, the sample was divided into three groups: those with less than two years of PICU experience, those with 2-5 years experience, and those with more than 5 years of experience.
Analysis of Variance (ANOVA) was used to test if there was sufficient evidence to suggest that PICU nurses with higher levels of education would score significantly higher on the PICU-NKST than nurses with undergraduate education only; and if nurses with increased PICU experience would achieve significantly higher PICU-NKST scores than those with little or no PICU experience.
Ethical considerations
Permission to conduct this study was sought and obtained from the Human Research Ethics Committees of the university and participating hospitals. Three hospitals provided a waiver for the need to provide written consent, where completion and return of the test implied consent. One hospital required written consent. Both information and consent forms reiterated the voluntary nature of participation and that participants may withdraw at any time without comment or penalty.
RESULTS
Participants
A total of 79 PICU nurses participated in the psychometric testing of the PICU-NKST.
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The scores for the test approximated a normal distribution, with a mean score for the PICU-NKST of 72.1 (SD 10.7). The minimum score was 48 and the maximum score was 90 out of a possible score range of 0 to 109. The 90% score band for estimating an individual's true score was ± 6.9.
Internal Consistency Reliability
Analysis yielded a KR-20 reliability estimate of .85, with a standard error of measurement of 4.2. Fifty-eight items demonstrated low item-total correlations with values less than .3.
Item analysis
PICU-NKST items ranged in difficulty from .08 (very hard) to 1 (very easy), with a mean difficulty of 0.66 (SD .24). More than half of the items were classified as moderately difficult (0.4-0.8) (See Table 2 ). The discriminating power of test items ranged from -.2 (negative discrimination) to .8 (excellent discrimination). Ten discrimination power indices were negative values. Approximately half of the items fell within the excellent and good categories of discrimination, with a further third falling into the acceptable and low categories (See Table 2 ). There were a total of 327 distractors in the 109 item test (3 distractors per item), of which 42.5% of distractors were functioning (See Table 3 ). Eighty-two distractors (25.1%) contained both low frequency selection and positive discrimination. Eighty-three of the 109 items contained at least one functioning distractor (Table 3) . were not significant. The mean difference in PICU-NKST scores between nurses who held a master's degree and a bachelor degree was 14.09 points.
Across the total PICU-NKST scores, group differences based on experience were statistically significant at p<.001. The mean scores for the three subgroups were 64.43, 73.11, and 76.20, respectively for groups with increasing PICU experience of < 2, 2-5, and > 5 years. Pearson's r between the total PICU-NKST scores and the continuous variable for years of PICU experience was .54, p<.001. PICU experience accounted for 29% of the variance in PICU-NKST scores. PICU-NKST scores were not found to be related to other critical care experience (for example, adult or neonatal ICU, emergency) (r=.057, p=.631). As shown in Table 4 , group differences were significantly different, and in the predicted direction.
DISCUSSION
The aim of this study was to develop and evaluate the psychometric properties of an instrument to measure paediatric intensive care nursing knowledge and skill. The PICU-NKST is a 109 item multiple choice test of knowledge and skill that takes approximately 90 minutes to administer and is quickly and easily scored. Internal To our knowledge, this is the first study that has comprehensively developed and psychometrically tested an instrument that measures the broad knowledge and skill domains required of paediatric intensive care nursing practice.
In this study, the reliability estimate was high, yet a large proportion of item-total correlations were low. Traditionally a test is considered more reliable, the more homogenous the items. Boyle and others however argue against the issue of homogeneity, especially in a test measuring a breadth of knowledge and skills, such as the PICU-NKST (Boyle 1991 , Kline 1986 , McDonald 1981 . Boyle specifically argues that moderate to low item homogeneity is actually preferred to ensure a broad coverage of the particular PICU nursing knowledge and skill constructs being measured (Boyle 1991) . Removal of the items with low item-total correlation would therefore result in a reduction in the breadth of measurement and inadvertent disregard for the heterogeneity of PICU nursing practice. In addition, the SEM of the PICU-NKST scores was 4.2. Assuming a PICU nurses score on the PICU-NKST was 70 and the SEM was 4.2, there are nine out of ten chances (90%) that the nurse's true score would fall between 63 and 77. Given that possible PICU-NKST scores range from 0 to 109, this 90% confidence interval is small, and is further evidence of the acceptable reliability of the PICU-NKST.
Item analyses results of the test also support its acceptable validity. In this study, ten indices of discriminating power were negative, indicating that nurses who had overall 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 (Downing 2009 ). As such, the items with negative discrimination indices or no functioning distractors will need to be revised or removed to support test integrity in future iterations of the PICU-NKST. One possibility for negative discrimination is the concept of guessing, whereby test-takers might take the risk to guess on items which are more difficult or ambiguous (Considine and Thomas 2005) . Further analysis of item performance across different nursing experience categories may be required to explore guessing in low-and high-scoring groups. Several items that had positive indices however, fell in the low to poor discrimination category. These items may be ambiguous or misleading, or have distractors that are too nearly correct. In reviewing these items for retention in the test it is also important to evaluate the corresponding item difficulty. A large proportion of items met the minimum acceptable value of .20 or greater (Ebel and Frisbie 1986, Tarrant and Ware 2010) and will therefore be retained in the test.
In this study, half of the items were moderately difficult. Knowing the difficulty of the items helps to avoid making a test so hard or so easy that it fails to provide much information about individual test takers. Also, an item that proves to be much harder or easier than anticipated may be flawed in some way. In making a judgement about whether an item is too easy or hard however, the context of the test needs to be taken into consideration. Within the PICU-NKST and ICU orientation program context, for example, there may be some core knowledge and skills that everyone is expected to know and inclusion of the item will be important, regardless of its difficulty. In Given that both nursing knowledge and skill acquisition are generated from instruction and are grounded in practice (Benner 1984) , it had been anticipated that more experienced nurses and those with higher education would achieve a higher score on the PICU-NKST. Responses were as predicted with master's prepared nurses achieving the highest PICU-NKST scores. However, the bachelor of nursing group scored the lowest on the test, lower than nurses with a diploma, which may reflect the generalist preparation received by graduate nurses in Australia and New Zealand since hospital based diploma programs have been discontinued. A further explanation, unable to be explored statistically due to small numbers, may relate to the possibility that the diploma nurses had more years of experience (depending on individual states, diploma programs were discontinued as long as 15 years ago). Findings also confirmed that nurses with more PICU experience scored significantly higher on the test. These results are supported by Benner's (1984) theory of expertise development whereby education and experience form the trajectory foundations for skill acquisition and expertise. The fact that PICU nurses' years of experience had a stronger relationship with overall scores than other critical care experience confirms that the test measures a construct unique to PICU. Both McGaghie (1980) and Eraut (1994) argue that in describing professional knowledge, it needs to be unique and have discrete boundaries and the current study's results support this. Manley and Garbett (2000) however, suggest that experience on its own does not result in expertise, but is founded on learning and processing from those experiences to develop subsequent practice. Similarly, in addition to undergraduate training, experience needs to be reconsolidated by further learning, and the role of postgraduate education in this learning is extremely important in the overall development of expertise. (Ferketich 1991) . Establishing test-retest reliability would strengthen the applicability of the PICU-NKST, however a strong learning effect could pose a difficulty and careful consideration would need to be given to the re-test timeframe. Finally, the test in this study was developed to assess competent level practice. Whilst it could potentially be used across all expertise levels, nursing practice at an expert level would inform a practice analysis differently, and therefore new test blueprints would be required. The test in this study was developed as there was no other instrument to inform knowledge and skill levels of PICU nursing practice in Australia and New Zealand.
CONCLUSION
As with other health professional education, the effective measurement of knowledge and skill is an important component of both nursing education and practice. Given the introduction of graduate nurses into specialty areas such as paediatric intensive care, it is crucial that educators and managers have a method of measuring the learning needs and core outcomes required of educational programs. In the development of any assessment methods, such as multiple choice examinations, it is important that these methods are scrutinised for their effectiveness.
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Comments to the Author Thank you for submitting your paper. Interesting area of work but you have a large number of errors in the paper which made it a difficult read at times. 1.
Top of page 11 -you imply you tested an experimental hypothesis i.e. ".. was used to test if .." all statistical hypothesis testing only ever tests the null hypothesis -you could have used text of null or you should have said "....(ANOVA) was used to assess if there was sufficient evidence to suggest that PICU nurses with higher..."
Changed, as suggested.
2.
Page 11 Result para you state mean 37 years with SD 9.06 and yet in your table mean is 38 years and SD is 9.1. Discrepency in rounded, corrected.
3.
I also feel you should inform the reader in the next para on page 11 that the possible range for the score was 0 to 109 Changed, as suggested.
4.
Top of page 12 -the 90% or indeed and % CI is not usually presented in that way and I have no idea where you got the 6.9 from nor does the reader. I tried 1.6449*SD/sqrt(n) with sd = 10.7 and n=79, but that gave me about 1.98 and even using a t-distribution I cannot see how it could get as high as 6.2 -this needs an explanation.
Reworded to include 'score band'. Further explanation provided in methods section. See further discussion in points 5, 10 and 11.
5.
Page 12 KR -20 para -assuming the SEM was correctly calculated at 4.2 it appears later you used this value as the SE when calculating a 90% CI but the SE is simply SD/sqrt(n) -I think there may be some confusion here around what an SEM and an SE are. The authors use the definition outlined in the Standards for Educational and Psychological Testing, which defines the Standard Error of Measurement (SEM) as the standard deviation of a hypothetical distribution of measurement errors that arises when a given population is assessed via a particular test or procedure [1] . SEM is an adequate measure if a general statistic is required for describing the likely accuracy of the score achieved by a randomly chosen examinee, and described by some as a better measure of quality than reliability [2] .The equation for the SEM can be expressed as: SEM = S √(1-r) [2] [3] [4] Whereby S = standard deviation of the test, and 
6.
Page 12 middle para line 32 -"Almost half" implies o me nearly reaching half. Suggest "Approximately half" of "slightly more than half" Changed, as suggested.
7.
Page 12 last para -no idea why you have r=0.51 in ANOVA result along with the F and p-values. What is it? Do you mean the R^2 that comes out of ANOVA??
For clarity, this has been removed.
8.
Foot of page 12 onto top of page 13 -I think you really need to go and completely check this result text and the Table 4 entries as they do not match. Your page 13 text states BN mean was 68.80 yet that in the table is the Diploma mean -which is correct? Makes a big difference to other text -you do however say in Discussion that Dip mean was higher than BN mean! Also is the reader left to assume that all of the other Tukey p-values were > 0.05? If the 68.8 was significantly different from 2 others surely the 66.5 was also significant!!! Mean value written in error, corrected. Hochberg's GT2 was actually used for post hoc comparison as the group sizes were very different. The Diploma group only contained 5 nurses, compared to 27 in the BN group. Even though the Diploma and BN scores were similar (68.8 and 66.5, respectively), the results only indicate a difference between BN and postgraduate diploma and master's education.
9.
Middle para page 13 where did the 30% come from -you talk about correlation and yet % variation explained is from a regression analyses -did you fit a regression model? I would have expected the % explained to be the square of the correlation which gave me 29.16 but this is possibly a rounding issue.
Percent of variation explained from the correlation, which was rounded to 30. Changed to 29%.
10. Page 14 main para -two issues -firstly as previously mentioned you appear to be using 4.2 and SE when it is the SEM and secondly the phrase "there are nine out of ten chances (90%) that .." The definition of a 90% CI is that there is a 90% probability that the actual true mean score will be in that interval not that a nurse's score will be in it!
We confirm that we used SEM not SE. As outlined by the Standards for Educational and Psychological Testing [1], the authors also used the SEM to calculate confidence intervals (also known as score bands or confidence bands) for an obtained (raw) score.
One can interpret a 68% confidence interval as the score range around an obtained score that includes an examinee's true score 68% of the time. Multiplying SEM by 1.65 will provide the needed value to construct a 90% confidence interval around an obtained score. The value 1.65 is appropriate for a 90% confidence interval because for distribution, the scores that fall within 1.65 deviations of the mean will include 90% of all the scores in the distribution (SEM x 1.96 for 95% CI, SEM x 2.58 for 99% CI) [3, 4] . Therefore, 90% confidence intervals can be calculated as follows: 90%CI = observed score ± (1.65 x 4.2) = observed score ± 6.93.
To avoid reader confusion by using the group mean, the hypothethical observed nurses raw score has been changed to 70. Therefore, the true score for this nurse would fall between 63 and 77. Using these calculations, all texts citing SEM calculations refer to an individuals obtained score and true score, not the actual true mean score [Eg. 3, 4, 5] .
11. Same para just to remind you the 90% CI to me would not be 65.2 to 79 as this is using plus or minus 6.9 units and that appears to have come from 1.6449*4.2 Please see explanations and calculations provided above, however calculations were correct. Manuscript text has now been edited using an example of an examinee's observed score of 70, to avoid confusion with the group mean score. 12. Foot of page 16 "However, the bachelor..." this contradicts previous text Statement is correct, previous error corrected. 13 . Table 2 -the Discrimination block only has 108 items and yet % appear to be from 109 -needs explained or is it a typo?
Error corrected. 14. Table 3 -Number heading states clearly that N = 327 and this does apply to the first 4 lines but the lower block is 109 for % calculations so you need to either put a new heading in or break the table. Table 4 -very poor layout in my view -think it would look better with the two section one below the other and as said before entries do not match text Table 4 edited, as suggested. Entries checked and correct.
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* pg 12, line 45 refers to Table 3 . I am not clear about what the None Functioning distractors per item means. For the N of 26, does this mean that all of the participants got the answers correct for all questions? If there were no functioning distractors, then was the question deemed "bad" and not used further?
The use of and definition of distractors has been clarified in the Methods section. Each item or question of the PICU-NKST has four plausible answers. One of these four is the correct answer; the other three are defined as distractors. Therefore, the PICU-NKST has 109x3=327 distractors. Non-functioning distractors in this study were defined by two criteria: distractors chosen by less than 5% of nurses AND distractors with a positive discrimination index. Theoretically, the more functioning distractors there are, the better the question. Practically however, in most well designed achievement tests, more than two functional distractors are rare and do not necessarily contribute to more effective measurement of achievement (Haladyna & Downing, 1988) . With regards to your question about N of 26, this refers to 26 of the 109 items not having any functioning distractors. Changes to Table 3 headings, as suggested by the previous reviewer will clarify this for the reader. These items should have the three distractors reviewed and improved. These items, of course, would need to undergo further psychometric testing, as does the whole PICU-NKST over time. This has been clarified in the Discussion. Journal of Advanced Nursing   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 
